Abstract In regions prone to wildfire, a major driver of ecosystem change is increased frequency and intensity of fire events caused by a warming, drying climate. Uncertainty over the nature and extent of change creates challenges for how to manage ecosystems subject to altered structure and function under climate change. Using montane forests in south-eastern Australia as a case study, we addressed this issue by developing an ecosystem state-andtransition model based on a synthesis of expert knowledge and published data, with fire frequency and intensity as drivers. We then used four steps to determine future adaptation options: (1) estimation of changes in ecosystem services under each ecosystem state to identify adaptation services: the ecosystem processes and services that help people adapt to environmental change; (2) identification and sequencing of decision points to maintain each ecosystem state or allow transition to an alternative state; (3) analysis of interactions between societal values, scientific and management knowledge and institutional rules (vrk) required to reframe the decision context for future management, and (4) determining options for an adaptation pathway for management of montane forests under climate change. Our approach is transferable to other ecosystems for which alternative states can be predicted under climate change.
Introduction
Globally, forests provide a range of ecosystem services which are at risk from anthropogenic pressures and changing disturbance regimes, particularly fire (Thom and Seidl 2015) . In landscapes prone to wildfire, organisms have evolved life-history traits that enhance persistence under the prevailing fire regime (Keith 2012) . Elements of that regime-seasonal occurrence, frequency and intensity-drive structure and functions of fire-adapted ecosystems (Gill 1975) , and the drivers of future ecosystem change will be greater frequency and intensity of fire events caused by a warmer, drier climate (Stephens et al. 2013) . Impacts include changes in plant growth rates, fuel loads and their moisture content, and longer periods of weather conditions associated with high fire risk (Bradstock 2010; Enright et al. 2015) .
Biophysical impacts of climate change will be non-linear and multi-scale under a projected increase in mean global surface temperature exceeding 2°C by 2100 (IPCC 2014) . Under such an increase, many ecosystems will transform to new states. In fire-prone landscapes, learning to live with changes in fire regimes requires both adaptation to new conditions and mitigation of risks (Moritz et al. 2014) .
The nature and extent of ecosystem change creates uncertainty for how management can be adapted to address major alterations in ecosystem structure, function and supply of ecosystem services. Under climate change, knowledge to support management of altered ecosystems becomes contestable; as do societal preferences for future ecosystem states and services. Existing governance may be unsuited to future adaptation options that require co-ordination across jurisdictions and sectors. Under such circumstances, successful climate adaptation is unlikely to be addressed by marginal, incremental changes.
Adaptation responses that consider path dependency, decision sequencing and timeframes have been referred to as adaptation pathways (Wise et al. 2014) . Under an adaptation pathways approach, changes in biophysical boundaries and social and institutional contexts determine whether adaptation decisions may prove adaptive or maladaptive. Societal values, governance rules and systems knowledge interact to constrain or enable responses to change (Gorddard et al. 2016) . Implementation of adaptation responses therefore needs to be inclusive of the social-ecological context under which decisions about adaptation are made.
Of great concern to managers is the potential for changes in structure and function of vegetation communities and ecosystem services (Mok et al. 2012) . The linking of vegetation dynamics and supply of services to increased risk of wildfire allows managers to address questions such as: 'If montane forests in headwater catchments burn more frequently and intensely, what are the implications for water availability as an ecosystem service, and how will changes in runoff and water quality affect ecosystems downstream?' Adaptation services are the benefits ecosystems provide to people under climate variability and change, enabling flexibility of future options and development of adaptation pathways (Lavorel et al. 2015) . Benefits can accrue from an ecosystem being maintained in its current state or from new options created when an ecosystem transforms . By increasing the possible options, adaptation services improve the diversity of adaptation strategies available. An example from montane forests of how adaptation services may mitigate the loss of current ecosystem services is where fire-susceptible trees are replaced by fire-tolerant species that provide similar ecosystem services.
Developing scenarios of ecosystem change can enable incorporation of adaptation services into adaptation pathways planning and stakeholder engagement. This approach requires: (1) characterising current ecosystems, their driver variables and ecosystem services; (2) predicting effects of climate change on ecosystem structure, function and supply of services; (3) identifying adaptation services related to ecosystem persistence or transformation and (4) scoping management options for adaptation services (Lavorel et al. 2015) .
Herein we consider how montane forests, likely to transform due to altered fire regimes and climate change, can be managed into the future using the four steps outlined above. We describe current forest ecosystems; how different vegetation states will affect supply of ecosystem services and how adaptation services provide options for adaptation to climate change. We consider the interactions of societal values (v), formal and informal rules for forest management (r) and scientific and management knowledge (k) that determine viability and legitimacy of management options and how each of v, r and k can be influenced to create a decision context that enables novel, transformative adaptation. Finally, we present an adaptation pathways approach for future management of the forests.
2 Characterisation of current ecosystems (Step 1)
Montane forests of south-eastern Australia and current ecosystem services
The Australian Alps bioregion comprises mostly forested land along the Great Dividing Range and contains headwaters of the major rivers of south-eastern Australia (Fig. S1 ). Tree species are distributed according to soil and climate gradients reflecting elevation and latitude (Keith 2006) . At 900-1600 m, west of the main range, winters are cold and wet (~100 frosts annually; precipitation 1100-2800 mm) and forests of alpine ash (Eucalyptus delegatensis subsp. delegatensis) occur (Figs. S1, S3d), with snow gum (E. pauciflora) at higher elevations, and mountain gum (E. dalrympleana), narrow-leaved peppermint (E. radiata) and brown barrel (E. fastigiata) forests intermixed according to elevation, aspect and slope (Gellie 2005; Keith 2006) . At 300-1000 m in the Victorian Central Highlands, with rainfall >1000 mm and deep soils, monospecific stands of mountain ash (E. regnans) develop (Fig. S1 ). Messmate stringybark (E. obliqua), monkey gum (E. cypellocarpa), manna gum (E. viminalis), narrow-leaved peppermint (E. radiata) and broad-leaved peppermint (E. dives) occur at drier sites.
Major land uses are forestry, nature conservation and catchment protection. Forests supply important ecosystem services (Table S1 ). Provisioning services include water supply, timber and other forest products. Ash forests are located in the high-rainfall headwaters of major rivers including the Murray, Murrumbidgee and Goulburn (Fig. S1) , and a network of storages supplies water for industry, domestic use and irrigation for Australia's main food producing region, the southern Murray-Darling Basin.
Benefits from conservation, recreation and heritage are widely realised (Griffiths 2001) , reflecting the extent of national parks (Table S2 ). Supporting services include biotic persistence and habitat for biodiversity. Regulating services include erosion mitigation, carbon sequestration (Keith et al. 2009 ), water storage and filtration. Catchment water yields and quality are high; only minor treatment is required for water from the Yarra River that supplies Melbourne.
Forest eucalypt responses to fire
Temperate montane forests regulated by fire comprise two response types: (1) obligate seeders: mountain and alpine ash are sensitive to inter-fire intervals <15-20 years; the period prior to sexual maturity and seed production, and (2) resprouters: eucalypts that recover from high-intensity fire by production of epicormic or basal shoots.
Thin-barked obligate seeders recover from low intensity fire events but are killed by intense, severe crown fire, regenerating prolifically from canopy seed banks shed after fire and forming even-aged stands (Flint and Fagg 2007) . Regrowth is more vulnerable to subsequent fires than mature forests because of accumulated fine fuels from rapid growth Bowman et al. 2014) . Where ash forest is killed by intense fire and does not regenerate, it is replaced by Acacia shrubland (Ashton and Attiwill 1994) .
Re-sprouting is an important trait enabling persistence of eucalypt forests in fire-prone landscapes (Clarke et al. 2013) . Some species tolerate low-intensity and high-intensity fire, responding by epicormic resprouting. Others shift from stem resprouting to a basal coppice response as fire intensity increases (e.g. snow gum, broad-leaved peppermint).
3 Prediction of responses to changes in climate and fire regimes (Step 2)
Changes to fire regimes
Decreased intervals between major wildfires indicate changes in fire regimes: 1851 , 1898 , 1939 , 1983 , 2003 /7, 2009 (DEPI 2015 . The 2003-2009 fires burnt a third of the 555,000 ha of ash forest in Victoria (Ryan 2013 ; Fig. S2 ). Severity of fire weather is projected to increase strongly by 2100 in south-eastern Australia (Clarke et al. 2011) , with the fire season starting earlier and persisting for longer. CSIRO and BoM (2015) projected an increase in severe fire danger days per year, from 2.8 in 1995 to 3.4-3.6 by 2030, and the Annual cumulative Forest Fire Danger Index of 7-9 % by 2030 and 12-24 % by 2090, with the likelihood of increased frequency and extent of large fires.
3.2 Changes in forest ecosystems: a state-and-transition model Vankat (2013) suggested three types of conceptual models to summarise information on vegetation dynamics; from qualitative ecosystem characterisation models to quantitative mechanistic models, with vegetation dynamics models as an intermediate level of process representation and quantification. State-and-transition models, first used for nonequilibrium vegetation dynamics of rangelands (Briske et al. 2005 ) are examples of conceptual models based on syntheses of expert knowledge and data, formulated as sets of alternative ecosystem states characterised by vegetation composition, environmental parameters and functional properties, environmental modifications or disturbances. Stateand-transition models have been used to predict vegetation responses to changes in environmental drivers for ecosystem management and scenario planning (Prober et al. 2014; Lavorel et al. 2015) .
Our model is based on the synthesis of reported empirical changes in montane forest vegetation under changing fire regimes and has five possible transitions ( Fig. 1): (1) ash forest to Acacia shrubland after ≥1 high intensity fire in 20 years; (2) with fire every 5-10 years, Acacia shrubland likely transitions to grassland; (3) Acacia shrubland transitions to mixed eucalypt forest under fire intervals >30 years; (4 & 5) mixed eucalypt forest (two types) transitions to mixed eucalypt woodland under high intensity fire <10 years.
Transitions 1 and 2, Ash forest to Acacia shrubland to grassland Successful natural regeneration of mountain ash post-fire depends upon trees having reached sexual maturity at 15-20 years of age (Cremer et al. 1984) and the presence of a seed bank held in the canopy and released by fire. Ash forests may be buffered from short-term changes in fire regime by their mesic understorey ( Fig. S3d ) and low background fire frequency. However, more than one high intensity fire in 20 years kills most trees before they can produce seed, leading to replacement of ash by Acacia shrubland dominated by Acacia dealbata or A. melanoxylon (Fig. S3a; Ashton and Attiwill 1994) . This transition has occurred in small areas that have been twice or thrice burnt since 2003 ( Fig. S1 ; Bowman et al. 2014) . Recolonisation with ash requires either seed dispersal from adjacent unburnt areas (McCarthy et al. 1999) or aerial reseeding (Bassett et al. 2015) . With increased fire frequency, Acacia shrubland may transition to grassland, based on evidence that multiple fires can reduce re-establishment of Acacia dealbata (Campbell and Kluge 1999) . It is unclear if naturally occurring fire regimes would promote this transition but active management may do, consistent with Aboriginal burning to maintain grasslands within forests (Bowman et al. 2013a ).
Transition 3, Acacia shrubland to mixed eucalypt forest Areas where Acacia shrubland has replaced ash forest may subsequently be colonised by resprouter eucalypts where ash and resprouters have co-occurred. This transition may occur naturally on areas protected by microclimate and topography from the intense, closely-recurrent fires that drove the transition from ash to Acacia (Leonard et al. 2014) . Such areas would have a fire frequency of ≥30 years. Warmer, drier conditions could lessen regeneration potential of some resprouter species (e.g. shining gum), whereas others (e.g. messmate stringybark) may achieve significantly increased extent (Mok et al. 2012) . Transitions 4 and 5, mixed eucalypt forest to mixed eucalypt woodland Mixed eucalypt forest contains species that resprout after fire from epicormic buds (mountain gum, brown barrel, messmate stringybark) at moist sites (Fig. S3c) or from basal buds (snow gum, broad-leaved peppermint) at drier sites (Fig. S3e) . Both types are likely to persist under moderately increased frequency of high intensity fires. However, with short-interval, recurrent (≤10 years), high intensity fires and less rainfall, mixed open forest of epicormic resprouters may transition to low open forest of basal resprouters. With higher, recurrent fire frequency, low open forest may transition to mixed eucalypt woodland (Fig. S3b) .
Changes in ecosystem services
Continued supply of ecosystem services depends upon resilience of forests to frequent, intense fires. Transitions to different states will change the diversity and supply of ecosystem services, though at landscape scale there will be a mosaic-like distribution of more ecosystem states than at present. Thus changes in ecosystem services, and management implications thereof, need to be considered at whole-of-landscape scale.
We documented ecosystem services of ash forest, mixed eucalypt forest, Acacia shrubland and grassland (Table S1 ; Fig. 2 ), then estimated whether supply was likely to decline, increase or remain unchanged under each new state compared with its previous state. We ranked positive or negative change as 'low', 'medium' or 'high', giving a scale from −3 to +3, normalized to 0-1 (Fig. 2) . Changes in services are as follows:
Transitions 1 and 2, Ash forest to Acacia shrubland to grassland (Fig. 2a, b ) For provisioning services, bulk timber will be unavailable, but water supply may increase. Regrowth ash forest has high growth, transpiration rates and water demand (Vertessy et al. 2001) . Stream flows may halve for 20-30 years after fire, increasing to pre-fire flows bỹ 100 years (Vertessy et al. 2001; Benyon et al. 2010) . A greater extent of young ash forest caused by more frequent fires would reduce water yields (Ryan 2013) . Less forest cover increases water yields because of lower evapotranspiration rates; water yield from grassland, is higher than for shrubland or forest with the same rainfall (Zhang et al. 2001) . Under climate change, the concern is Brainfall elasticity of streamflow^, an indicator of sensitivity of water yield to change in rainfall: 1 % change in rainfall translates to 2-3.5 % change in streamflow (Chiew 2006) . Elasticity of forests is 18-25 % higher than grasslands (Bren 2015, p. 43) , so the same decline in rainfall results in lower water yields from forest than grassland.
Of supporting services, habitat for biodiversity is most negatively affected by transitions from forest to Acacia shrubland and then grassland. Species with requirements provided only by mature ash forests (Lindenmayer et al. 2000) have less habitat available because of the increased proportional extent of young regrowth ash (Ryan 2013) . Each ecosystem state supports a distinct biota, so at landscape scale there will be greater future spatial heterogeneity, and possibly total species diversity, than currently.
Regulating services of carbon sequestration and microclimate regulation will decline with loss of forest cover. Water storage and filtration under Acacia shrubland and grassland may decline because of shallower soil organic layers than in forests.
Cultural services (including tourism and recreation) of ash forests are high. Acacia shrubland and grassland provide few incentives for visitors, though at landscape scale cultural services will mostly persist, supplied by resprouter forests. Only small parts of the current forest estate is used for recreation: most is on inaccessible terrain.
Transition 3, Acacia shrubland to mixed eucalypt forest (Fig. 2d) This transition can supply some ecosystem services that would decline following transition from ash forest to Acacia shrubland. As well as increased wood supply, habitat for tree-dependent biodiversity and cultural services, increased regulating services are notable, including greater groundwater storage, carbon sequestration, nutrient cycling and microclimate regulation.
Transitions 4 and 5, mixed eucalypt forest to mixed eucalypt woodland (Fig. 2c ) For provisioning services, declines in wood supply are inevitable, but water supply may increase due to lower evapotranspiration rates of woodland than forest. Regrowth stands of resprouter species show similar water use as mature stands (Gharun et al. 2013) . In resprouter forest, streamflow recovered 8-12 years after medium-intensity fire; far quicker than for ash forests (Nolan et al. 2015) . For supporting services, few comparative data exist on habitat for biodiversity under tall mixed eucalypt forest versus mixed eucalypt woodland, but it is likely that woodland would promote a different biota (Michael et al. 2011 ).
Identification of adaptation services (Step 3)
Adaptation services include the ecological process that facilitate the persistence of existing ecosystem states or a transition to new states under climate change. For states that persist, these processes help reduce vulnerability to altered supply of current ecosystem services, or provide options for use of 'latent' services; those not used currently but with potential future use. New ecosystem states provide services not available previously .
Societal preferences for future ecosystem services are uncertain, but clearly forests supply a greater range of services than Acacia shrubland and grassland (Table S1 ). Preserving forests is likely to accord with future societal preferences. Mixed resprouter forest is more resilient to intense, frequent fire than obligate seeder ash forests, though may still be threatened (Fairman et al. 2015) . While prevailing societal preferences may be for mature ash forests because of their ecosystem services and high conservation value, such forests may not persist under climate change Bowman et al. 2014) . In mixed forests, resprouting is the mechanism for natural adaptation and resilience against increasing fire frequency. The corresponding adaptation service is the persistence of resprouter forests under climate change, allowing continued supply of their ecosystem services.
Each state provides important supporting and regulating services and at least some provisioning services (Table S1 ). While a particular state may not be preferred, its increased extent within the landscape may be inevitable. Potential adaptation services can be identified from changes in each ecosystem state (Step 2 above; Table 1 ). These include future options from Acacia shrubland such as high-value specialist timbers and tanning products, seed supply for revegetation outside the region and fuelwood. Grasslands and open woodlands, extensive in the Australian Alps pre-1750 (Gellie 2005) , may provide options for future grazing systems and habitat for grassland biodiversity.
Management for adaptation pathways and services (Step 4)

Future management for adaptation services
New management of forests under climate change requires integration of the benefits of adaptation services within a context of landscape heterogeneity and change rather than attempts to maintain current ecosystems (Table 1) . A new approach entails landscape-scale planning for multiple objectives and the current tenure-based management system is unlikely to deliver without major institutional reforms (Kanowski 2015) . New management requires acceptance that, at landscape-scale, transitions to alternative ecosystem states are inevitable under climate change and interventions to maintain current ecosystems will be limited and costly. At sub-catchment scale, some interventions are possible to maintain current states or aid transition to alternative states when the current state is unlikely to persist (Fig. 3) . Managers have few interventions available: fuel load management with controlled burns, landscape-scale fire control, thinning to lower tree density and re-seeding (Table 1) . Current practices favour interventions to maintain current states, such as aerial seeding of ash after fire (Bassett et al. 2015) or thinning to reduce fire risk and improve water yields (Ryan 2013) . However, cost of re-seeding will eventually become prohibitive with increased extent of regrowth ash forest. Thinning to reduce fire risk is constrained by cost and steep terrain. Because high fuel loads can accumulate rapidly post-fire, fuel reduction burns need to be frequent: Bowman et al. (2013b) considered total fire suppression the most appropriate means to maintain ash forests, but it is impracticable at landscape scale. Selected ash forests could be designated as refugia to maintain some cultural and biodiversity values.
How interventions can be re-designed to maintain existing states or aid transition to alternative states is beyond our scope. But clearly, climate change requires a different management approach than hitherto. The following section addresses this challenge.
An adaptation pathways approach to future forest management
An adaptation pathways approach accounts for path-dependency (where past decisions constrain future options), decision timeframes (the duration a decision remains valid) and the sequencing of decisions to avoid maladaption (Barnett and O'Neill 2010) . Shifts in socialinstitutional contexts will determine whether adaptation decisions are likely to prove adaptive Fig. 3 An adaptation pathway for management of ecosystem states and transitions of temperate montane forests. Decision points (as in Table 2 ) are 1: early switch from ash to resprouter forest; 2: natural transition from ash forest to Acacia shrubland; 3: re-seeding of ash becomes non-viable; active management to resprouter forest, or natural transition to Acacia shrubland; 4: Acacia shrubland transitions to resprouter forest by natural colonisation or active fire management and re-seeding with resprouter species; 5: fire and grazing to manage extent of grassland and Acacia shrubland. Solid arrows = active management; dotted lines = natural process, no management; wedge histograms = indicative change in extent or maladaptive (Wise et al. 2014) , so implementation of adaptation needs to include the broader social-ecological context under which adaptation decisions are made. Figure 3 shows a simple adaptation pathway of the five states in the state-and-transition model, highlighting decision points and timeframes. Decision Point 1 is whether to continue re-seeding ash forest after repeat fires or manage an early switch to mixed resprouter forest. A decision to maintain ash forests leads to Decision Point 2, when re-seeding of ash becomes non-viable, constrained by costs and seed supply. Then the decision is to allow transition to Acacia shrubland or promote mixed resprouter forest by aerial seeding. Decision Point 3 is an early switch from ash to mixed resprouter forest, applicable where extirpation of ash is almost certain. Decision point 4 is a switch from Acacia shrubland to resprouter forest by fire management and seeding, contingent on the extent of shrubland and whether it is recolonised by mixed resprouter eucalypts over time. Decision point 5 is when Acacia shrubland is widespread and has begun to transition to grassland. Management for mixed resprouter forest is not an option and grassland is deemed preferable to Acacia shrubland in some areas.
In this adaptation pathway, adaptation services are realised if managers have agency to proactively and legitimately manage for them. But legitimacy depends on whether current values and preferences remain aligned with current provisioning and cultural services. The continued supply of these requires maintenance of supporting and regulating services on which supply of 'direct use' services depend, and will likely be constrained by environmental change. Eventual societal recognition of the biophysical constraints on future supply of provisioning services is likely to drive changes in preferences and demand.
Adaptation decision context and the values, rules and knowledge (vrk) model
Adaptation to climate change represents an enormous challenge for society and decisionmakers. However, decision making for adaptation to transforming ecosystems is constrained by (1) societal norms that determine governance and rules under which management objectives are set; (2) forms of knowledge deemed useful and legitimate to inform decisions and (3) societal values and preferences for ecosystems considered worth conserving. In order to manage for transformational change, adaptation decision making needs to link to the broader societal decision system in which plurality, contestability and uncertainty over ecosystem change and management objectives are inherent (Gorddard et al. 2016 ). The link is via the decision context, in which interacting systems of values, rules and knowledge (vrk) determine those decisions deemed practical and permissible. Interaction of systems of v, r and k enable or constrain the types of values, rules and knowledge that influence decision making and the capacity for changes in the decision context.
Reframing the decision context allows the addressing of questions like 'what vrk constraints must be overcome to allow seeding of young ash forests with mixed resprouter eucalypts?' Table 2 gives examples of vrk interactions that enable or constrain management decisions to maintain or change ecosystem states, allowing more consideration than at present of timing and sequencing of decisions and their consequences. An example of a reframed decision point is: 'for how long, and where, can ash forest be maintained before deciding on transition to an alternative state?' Reframing the decision context enables an adaptation pathways approach for management of temperate montane forests under climate change.
The vrk model emphasises how values, rules and knowledge link the decision context perspective to the decision making perspective to help reveal limitations of current management. The model can enable an understanding how the decision making system limits and Table 2 Values, knowledge and rules (vrk) enablers and constraints on management decisions for temperate montane forests. Decision points (numbered as in Fig. 3 (Gorddard et al. 2016) . If future climate and ecosystem states are uncertain, then current decision contexts and decision-making processes will likely prove inadequate to address uncertainty and require reconsideration of interacting societal values, governance rules and systems knowledge.
An example of how decision contexts need to shift to address effects of climate change relates to future water supply from forested catchments. Water yield in regrowth ash forest is lower than from mature ash forest. If the aim is to maximise water yield to ensure security of supply for towns and irrigated agriculture, then under the current decision context mature ash forest should be maintained as long as possible (Benyon et al. 2010 ). However, maintenance may be unachievable because of increased extent of young regrowth ash forests caused by more frequent fires. But shifting the decision context introduces another option. Regrowth mixed resprouter forest has similar water yields as mature resprouter forest (Nolan et al. 2015) and is more resilient than ash to increased fire frequency. Water supply would be more secure with a greater extent of resprouter forests than obligate seeder forest. From a water security decision context, catchments under Acacia shrubland and grassland have higher streamflow than forests (Zhang et al. 2001) , so increased extent of these states is likely to improve water security. However, there is a trade-off between water supply and the fewer ecosystem services supplied by these states. Managing for resprouter forests may be a compromise between water supply and the demand for other forest ecosystem services.
Assessments of vegetation responses to climate change in fire-prone ecosystems have focussed on shifting climatic suitability or shorter fire intervals but ignore interacting threatening processes (Enright et al. 2015) . Less growth, maturation and seed set under drier, warmer conditions may result in diminished post-fire recruitment. Combined effects of lower seed availability at the time of fire, reduced post-fire recruitment and lower seed availability post-fire shortens the range of fire intervals for which self-replacement can occur: so-called interval squeeze. Such interactions may cause extirpation or major ecosystem changes in response to small shifts in climate suitability or fire frequency.
In ash forests, more than one high intensity fire in 20 years is likely to cause extirpation, regardless of reduced growth, seed production or longer maturation caused by warmer, drier conditions. But an additional pressure on recruitment is relevant to the persistence of natural ash stands and re-seeding attempts: recruitment of alpine ash requires vernalisation of seed in its seedbed; 6 weeks near-freezing to break dormancy (Bassett et al. 2015) . If soil moisture is limited during the austral spring germination period, or the soil surface exceeds 30-32°C, seeds may not germinate (Fagg et al. 2013) . Frosts are projected to decline in south-eastern Australia (Timbal et al. 2015) . Fewer frost days during spring and lower soil moisture from less rain (by 17-22 % by 2030 and 26-47 % by 2090; CSIRO and BoM 2015) , are likely to interact to reduce germination and recruitment of alpine ash.
Akin to interval squeeze are landscape traps , where forests shift to compromised states due to interactions of natural and human-induced disturbances. The concept is the same as a regime shift in resilience theory (Folke et al. 2004) or the state-andtransition model described above. Lindenmayer et al. (2011) detailed a regime shift of old growth ash forests to young fire-susceptible forests unable to reach maturity due to effects of fire and timber harvesting. Debate is polarised between conservationists and foresters regarding the causes of landscape traps (Ferguson and Cheney 2011; Attiwill et al. 2014) .
Such polarisation indicates deep uncertainty regarding future climate, ecosystem states and management responses. In the context of ecosystem change, traditional approaches to forest management are inadequate and require new values, rules and knowledge to support decision making (Gorddard et al. 2016) . Legacies of forest conflicts in Australia have constrained policy, governance and tenure so that many policy objectives have not been realized. Better integration is required that Baccommodate the plurality of interests in forests, that enhance coordination and integration between institutions and across landscapes, and that empower and enable the diverse communities of interests in forests^ (Kanowski 2015) .
The contrasting perspectives of conservation and forestry interests become irrelevant under climate change and simply serve to constrain adaptation options. Recognition that ecosystems will continue to change is becoming increasingly apparent to natural resource managers and policy makers, who are seeking new perspectives to guide future approaches. We contend that managing for adaptation services and development of adaptation pathways for temperate montane forests represents such an approach.
